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(57)Abstract: 

PROBLEM TO BE SOLVED: To produce dense 
antirefrection multilayer coating film having abrasion 
hardness sufficient on a practical level, to provide a 
method for producing the same antirefrection multilayer 
coating film and to provide a method therefor. 
SOLUTION: In a thin antireflection multilayer coating film 
in which thin coating films of materials having different 
refractive indexes are laminated into plural layers, at leat 

3 

one layer among this multi-layered thin coating films is 
formed with a thin coating film in which > two kinds of 
oxides of elements among Ti, Si, Al, Ta, Mg and Zr are 
mixed. The thin multilayer coating film is formed by a DC 
magnetron sputtering method using ap^ ljoy tar tefon 
whicf\>\wo kinds of elements among ui/£i, Al, ^fca^g; 

ancQr^re mixed as a target, and furthermore, a gas cong. oxygen as a reactive gas. The 
dense antirefrection multilayer coating film high in abrasion hardness and good in 
transmissivity can be obtd., and by changing the mixing ratio, the antirefrection multilayer 
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coating film in which the color development properties of the coating can freely be changed 
and accidental scratches are hardly formed can be obtd. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] The invention in this application relates to the acid-resisting multilayer applied 
to optical instruments and parts, such as a spectacle lens, its membrane formation method, and its 
membrane formation equipment. 
[0002] 

[Description of the Prior Art] Conventionally, while forming the dielectric materials of a low refractive 
index and a high refractive index by turns on both sides or one side of a spectacle lens and preventing 
the fall of the visibility by reflection in the inside of a lens, preventing reflection of light is performed on 
the outside. Moreover, recently, what formed the antireflection film and installed this on the display at 
****** or the front face on the macromolecule substrate of the shape of a film, such as a display, PET 
(polyethylene terephthalate), PMMA (polymethylmethacrylate), etc. which the outdoor daylight in VDT 
work was reflected and formed the direct antireflection film on the front face for lump prevention, is 
marketed. 

[0003] Membrane formation of the antireflection film to a spectacle lens considers as the start material 
of membrane formation of Si02, Ti02, MgF, etc., and membrane formation is performed by the 
electron-beam-evaporation method, moreover, the method of making a front face into irregularity and 
reducing the surface reflected light by etching processing by fluoric acid etc. in giving the function of 
acid resisting to big screens, such as a display, and a screen - after a spray application -- printing — 
coming out — Si02 etc. — the method of forming an antireflection film is also enforced 
[0004] However, recently, since the thickness control at the time of membrane formation is easy, the 
sputtering method with a sufficient controllability which can form membranes attracts attention in the 
high-definition antireflection film from the large area. Also in the sputtering method, the reactant DC 
magnetron-sputtering method for the ability to realize low-temperature membrane formation at high 
speed is occupying the mainstream on a process from a viewpoint on the processes run that membrane 
formation is possible, at low temperature also at the viewpoint of productivity, and a film top. 
[0005] As the composition of the multilayer of the conventional antireflection film is shown in (A) of 
drawing 1 , and (B), each class of (A) of drawing 1 is the oxide of a single element, and it is Ti02 of a 
high refractive index [ top / transparent substrates a /, such as glass, and PET, PMMA, ]. The 
membranous layer b and Si02 of a low refractive index The laminating of the membranous layer c is 
carried out to four layers by the thickness which balanced the design value by turns, moreover, the thing 
for which the 1st layer d on the transparent substrate a is an ITO film, the laminating of the layers b and 
c of the high refractive index as the case of (A) with other three same layers and a low refractive index 
was carried out by turns, and the multilayer of (B) of drawing 1 gives conductivity to the 1st layer d - 
electromagnetism - a shield is made to have 

[0006] As [ show / one example of the composition of the equipment which forms such a multilayer / 
moreover, / in drawing 2 ] It has the two-room composition which preparation and the drawing chamber 
e, and the membrane formation chamber f divided, and was connected through Bulb g. in this membrane 
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formation chamber f The cathodes hi and h2 which prepared the target for forming high refractive-index 
films, such as Ti The cathode i 1 and i2 which prepared the target for membrane formation of low 
refractive-index films, such as B or Si of which P dope was done, are stationed by turns, and it is Ar gas 
and 02 from gas feed systems j and j during membrane formation. Gas is introduced, respectively and 
an oxide film is formed in the transparent substrate a by reactant membrane formation. Substrate a is 
conveyed by the substrate conveyance meanses o, such as a roll by which the roll control was attached 
and carried out to Tray 1. In addition, DC power supply n are connected to each cathode h and i through 
the pulse generating unit m for controlling the unusual electric discharge at the time of performing DC 
sputtering, p is the exhaust air system connected to the vacuum pump. 

[0007] When forming an acid-resisting multilayer to Substrate a with the equipment of drawing 2 , in 
preparation and the drawing chamber e Glass, The substrate a of the shape of a sheet, such as PET or 
PMMA, is attached in Tray 1. Sputtering gas Ar and reactant gas 02 after exhausting Substrate a to a 10- 
5Torr base by the exhaust air system p beforehand with this tray 1 through the partition bulb g with the 
conveyance means o It conveys into the membrane formation chamber f which carried out the 
predetermined flow rate style and maintained gas pressure on the 10-3Torr base. And when energize to 
each cathodes h and i from a power supply n, they are made to generate spatter electric discharge and 
Substrate a passes through the front of each cathodes h and i, the oxide film of the design thickness 
corresponding to the electric discharge power and the substrate bearer rate of each cathode is formed 
like drawing 1 on Substrate a at a multilayer, and it is **. The item of the membrane formation 
conditions in this case was shown in Table 1 . 
[0008] 
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[0009] 

[Problem(s) to be Solved by the Invention] In order that direct ** of the antireflection film may be 
carried out at outdoor daylight and it may usually touch impurities, such as people's hand and dust of the 
external world, the maintenance work of wiping off the dirt periodically is required. If a keen thing 
touches the time of the wiping work, and unexpected in such a case, a blemish will occur on a film, and 
the acid-resisting function of film original will be spoiled. Each class of the conventional antireflection 
film is 500 g/cm2. There is only an abrasion degree of hardness of a grade and there was a fault with 
inadequate intensity practically. Each monolayer Ti02 which constitutes the conventional antireflection 
film, Si02, aluminum 203, Ta 205, MgO, and Zr02 The abrasion degree of hardness was shown in 
drawing 3 . An abrasion degree of hardness is steel wool lcm2 of No. 0. After adding constant stress to 
a hit and acting as Laon Byng of the film front face 5 times at the scratch speed of 2 cm/sec, the 
minimum load when producing one or more abrasion marks per 1cm width of face expresses with the 
naked eye. 

[0010] Moreover, it is Ar and 02, using charges of a unit material, such as Ti, Si, aluminum, Ta, Mg, 
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and Zr, as start material by the reactant DC sputtering method conventionally. If a spatter is performed 
introducing gas Ti02 which formedjn^hianes, Si02, Ta 205, MgO, and Zr02 etc. — since the oxide 
of a single element includes m^t^anire ~defect?Sji a film in process of oxide generation, a film is 
structurally weak and the bird clapper is known Therefore, it also has the fault that density is coarse and 
the antirefiection film which formed membranes by the reactant DC sputtering method is weak. 
[001 1] this invention aims at offering the method and equipment which manufacture offering the precise 
antirefiection film which has sufficient abrasion degree of hardness on practical use level, and this 
antirefiection film. 
[0012] 

[Means for Solving the Problem] In this invention, the precise antirefiection film which has sufficient 
abrasion degree of hardness was obtained in the antirefiection film of the multilayered film in which the 
thin film of the material from which the refractive index differed on the substrate carried out the 
laminating to two or more layers by making the thin film of at least one layer of these multilayered films 
into the thin film which two or more snrK of o xides of the element of Ti, Si, aluminum, Ta, Mg , or Zr 
are mixing^ This acid-resisting multilayer, introducing reactant gas and sputtering gas simultaneously in 
a membrane formation chamber TJhe spatter of the target which consists of the element of Ti, Si- 
al uminum, Ta, Mg, or Zr is carried out by the DC magnetron-sputte^ nH m^th^d In the method of 
forming the antirefiection film of a multilayered film by carrying out the laminating of the thin film of 
the material from which the refractive index differed on the substrate which moves in the front of this 
target one by one The thin film of at least one layer of this multilayered film as this target Ti, Si, While 
using t he alloy target in which two or more sorts of elements of aluminum. Ta 1 Mg. or Zr were made to 
mix, it can manufacture by the method of forming membranes to the thin film w hich two or more sorts 
of o xide^of the element of Ti, Si, aluminum, Ta, Mg, or Zr mixed using tfte gas which contains oxygen 
asj£a£lanLgas. Moreover, the membrane formation chamber equipped with the exhaust air system and 
two or more DC sputtering cathodes arranged in this membrane formation chamber, The target prepared 
in each cathode, and a substrate conveyance means to pass the front of each target for a substrate, It is 
membrane formation equipment which consists of the gas feed system into which reactant gas and 
sputtering gas are introduced into this membrane formation chamber. In the equipment which forms the 
thin film of the material of each target on this substrate at a multilayer while introducing reactant gas 
and sputtering gas into a membrane formation chamber from this gas feed system This acid-resisting 
multilayer can be formed with one equipment by using at least one of these targets as the alloy target 
which mixed two or more sorts of elements of Ti, Si, aluminum, Ta, Mg, or Zr. 
[0013] 

[Function] A multilayer thin film is formed to the substrate which carries out DC magnetron sputtering 
of two or more targets, such as Ti, Si, aluminum, Ta, Mg, and Zr, and moves in the front, and it is 02 in 
that case. Although the multilayer of the oxide of each target material is formed in this substrate by 
introducing gas By forming the film of the oxide of this alloy composition to at least one of the targets 
of these using the alloy target which mixed two or more sorts of elements of Ti, Si, aluminum, Ta, Mg, 
or Zr, for example, the targ et of Ti-alnminiim A lattice defect is compensated with an oxide and a 
structural very precise and hard multilayer with a large abrasion degree of hardness is obtained. 
Moreover, since the refractive index of the film of the oxide of this alloy composition changes almost 
linearly between the refractive indexes of the stoichiometric composition of the oxide of each 
composition in proportion to the composition ratio, the composition ratio is changed, the thin film of 
arbitrary refractive indexes is obtained, and it can adjust membranous coloring nature free. 
[0014] 

[Embodiments of the Invention] If the example of this invention is explained based on a drawing, 
drawing 4 shows one example of the equipment which forms the acid-resisting multilayer of this 
invention, in this drawing, signs 1 will be preparation and a drawing chamber, and the substrate 3 of 
sheets, such as glass, and PET or PMMA, will be installed in the tray 2 of the interior. It is conveyed by 
the suitable conveyance meanses 6, such as a roller which right-rotates reversely to the membrane 
formation chamber 5 through the batch bulb 4 which can open and close this tray 2 freely. In order to 
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perform DC magnetron sputtering in this membrane formation chamber 5, through the pulse unit 8 for 
unusual electric discharge prevention, four sets of the magnetron cathodes 9 were prepared, for example, 
the target 10 according to the membrane formation number of layers which changes from the element of 
Tj_ Si aln mirmrr) Tfl, Me. or Zr to each cathode 9 w as attached in DC power supply 7, and these at least 
one target 10 was used as the alloy target which m jvpd two nr more . ^ns of these elements . The 
example of illustration was what used four targets 10 as aluminum alloy target altogether, used Targets 
10a and 10c as the Ti-aluminuml at% alloy, and used Targets 10b and lOd as the S[- aluminum 1 at% 
allov.JI he gas feed system into which i i introduces reactant gas, such as oxygen gas, the gas feed 
system into which 12 introduces the spatter gas of Ar gas, and 13 are the exhaust ports connected to the 
vacuum pump. A cathode 9 has well-known structure, a target 10 is attached in a plate surface with 
bonding etc., and the magnetic field for magnetron discharges is formed on the spatter side of this target 
10 with magnets, such as a permanent magnet prepared in the tooth back. 

[0015] The inside of this membrane formation chamber 5 is exhausted even on a 10-5Torr base, and 
they are sputtering gas Ar and reactant gas 02. A predetermined flow rate style is carried out, gas 
pressure is maintained on a 10-3Torr base, a power supply 7 is energized, and the cathode 9 in this 
membrane formation chamber 5 is made to generate a magnetron discharge. And if membranes are 
formed one layer at a time on this substrate 3 and the oxidization thin film of the material of each target 
10 finishes passing to it when a substrate 3 passes through each target 10 top by conveyance on a tray 2, 
a multilayer anti reflection film will be formed on this substrate 3. Let thickness of this oxidization thin 
film be design thickness by adjusting the size of the spatter power supplied to this cathode 9, and the 
bearer rate of a substrate 3. When this substrate 3 is made into a soda glass and a target 9 is the above- 
mentioned composition, If this membrane formation equipment is formed on the membrane formation 
conditions of the item of following ** 2, it is OX fTi-alumimimlat?/^ on a substrate 3. Film, (Si- 
aluminum lat%) OX A film and OX (Ti-aluminumlat%) A film and OX (Si-aluminum lat%) The acid- 
resisting multilayered film of four layer structures shown in drawing 5 in which film ** carried out the 
laminating by the thickness of 120A, 360A, 1 150A, and 910A, respectively is obtained. 
[0016] 

[Table 2] 



9— h+M X 


5' x 4 0* 








5 0 0 mx 8 5 0 nra 




1 0 0 OSCCH 


O, ft* 


2 i o scan 


Ti-AI Av-r 10a '*9- 


5 kW 


Ti-AI av-f 10b 


2 0 kW 


Si-AI Av-F 10c 


2 kW 


SI-AI AV-p 10d 


\ 0 kW 




5 0 0 nw/min 



[0017] When the reflection factor property and permeability property of an acid-resisting multilayered 
film of drawing 5 were investigated, a result of drawing 6 and drawing 7 was brought. According to this, 
it turns out that a 450nm - 550nm visible region shows 0. 1% or less of reflection factors, and 94% or 
more of permeability, and the good acid-resisting property is acquired. Moreover, the abrasion degree of 
hardness is 1 500 g/cm2, as shown in respect of [ A ] drawing 8 . The degree of hardness of the 
aforementioned conventional acid-resisting multilayered film about 3 times the degree of hardness of an 
abrasion which was shown and was shown with Point G was obtained. 

[0018] Moreover, although the acid-resisting multilayered film was formed as TiO and SiO, as the 
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abrasion degree of hardness in these cases showed except the 1st layer of drawing 5 , or any one layer 
[ 4th ] layer by point B-F of drawing 8 by using the 1st layer of the film of drawing 5 as an ITO film, it 
is 1000 g/cm2. It became a load degree of hardness and sufficient degree of hardness was obtained 
rather than the conventional acid-resisting multilayered film. 

[0019] It is Ar+02, using a s start material the alloy targe t which consists ofta^LQr more sorts of 
e lements of Ti. Si T aluminum. Ta. Ms. or Zr. It was found out that a mumal OTide^mpensatesalattice 
defect, and the oxide of two or more elements which formed membranes by reactant DC spatter while 
introducing gas is structurally precise, and is very a stiff film since the lattice constants of the oxide of 
each metallic element differ. The abrasion degree of hardness of the film which changed the ratio into Ti 
a nd mixed Si. aluminum. Ta. Ms. and Zr in it as one example was shown in drawing 9 . According to 
this, it is Tilat% or Ti99at%. The abrasion degree of hardness at the time of mixing in the range is 2 
1 500g/cm. It turns out that abrasion marks do not occur even if it adds the above load, but it has one 
about 3 times the degree of hardness of this rather than the film of the oxide of the conventional single 
element. Moreover, as the refractive index of this film of one example was shown in drawing 10 , 
between the refractive indexes which the oxide of each stoichiometric composition has is changed 
almost linearly in proportion to a composition ratio. In the about [ lat% ] amount of Ti mixing, change 
of a refractive index is slight, for example, change of a refractive index is Ti02 with an Ti-Silat% 
oxide. Only by changing from 2.6 -0.01 15 times only, a problem does not arise at all on a film design. 
Furthermore, since the oxide film which has arbitrary refractive indexes by changing a composition ratio 
is obtained and there is free nature of coloring of a film, it becomes a big advantage on a film design. 
[0020] Also in combination other than the combination of the element of the ab ove [ the above 

inclination ], t he same result was completely seen. "~ " " 

[0021] in addition - although the film of an oxide was formed for the target material o ftwo elements by 
oxygen gas in this invention, if it is what has 94% or more of permeability by the visible region like 
SiON - as reactant gas - 02 a part -- N2, N2 O, and NH3 etc. - nitriding system gas can replace and 
the effect same also as mixture of an oxide and a nitride as 2 element oxide can be demonstrated 02 
[ moreover, ] a part -- C02, CO, CF4, and CH4 etc. - the gas containing carbon may replace 
[0022] Moreover, it is good also as equipment of the inline-type formula of the chamber composition of 
three or more rooms which takes out the membrane formation equipment of the interchange back form 
which used the preparation and drawing of a substrate of drawing 4 as the common chamber with a 
preparation chamber, and is individually equipped with a chamber. Furthermore, the sputtering system 
of multi chamber form used as the sputtering system or sheet equipment of the roll-coater form which 
forms membranes to the substrate of the shape of a long roll, such as PET and PMMA, is also 
applicable. 
[0023] 

[Example] It is the gas feed system after preparing the substrate of a 500mmx850mm soda glass for the 
tray in preparation and a drawing chamber and exhausting the inside of a membrane formation chamber 
to 10-5Torr in the equipment shown in drawing 4 to Ar gas 1000SCCM(s) and 02 It energized from DC 
power supply to each magnetron cathode in this membrane formation chamber, having passed gas 240 
SCCMs and maintaining gas pressure on a 10-3Torr base. As for each cathode, each target of a 5 inch 
x40 inch size is prepared, Targets 10a and 10c are Ti-aluminumlat %, and Targets 10b and lOd are Si- 
alurn ^ml a t°/o. 5Kw(s) were supplied to target 10a from the power supply, 20Kw(s) were supplied to 
2Kw(s) and 10c, 10Kw(s) were supplied to lOd at 10b, respectively, and the acid-resisting multilayer of 
four layers which is made to move a tray at the rate of 500 mm/min, and is shown on a substrate at 
drawing 5 was formed by DC magnetron sputtering. OX of the 1st layer (Ti-aluminumlat%) 
Membranous thickness is 120A and OX (Si-aluminum lat%) of the 2nd layer. Membranous thickness is 
360A and OX (Ti-aluminumlat%) of the 3rd layer. Membranous thickness is 1 150A and OX (Si- 
aluminum lat%) of the 4th layer. Membranous thickness was 91 OA. 

[0024] the abrasion degree of hardness of this multilayer - above - steel wool lcm2 of No. 0 per - the 
place measured by the minimum load when producing one or more abrasion marks per 1cm width of 
face with the naked eye after adding constant stress and acting as Laon Byng of the film front face 5 
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times at the scratch speed of 2 cm/sec - 1500 g/cm2 it was . Moreover, tne reflection factor and 
permeability are 0. 1% or less and 94% or more in a 450nm - 550nm visible region, respectively, and the 
good acid-resisting property was acquired. 
[0025] 

[Effect of the Invention] As mentioned above, since the oxide of the element of Ti, Si, aluminum, Ta 
Mg, or Zr made the thin film of at least one layer of the multilayered films which constitute the 
antireflection film of a multilayered film th e thin film currently mixecj two or mor A E^rts when based on 
this invention It is precise, and it shoots, a prevention multilayered film is obtained and an abrasion 
degree of hardness can also change membranous coloring nature free by the thing with high and 
sufficient permeability for which the mixing ratio is changed. In order to use the alloy target which it is 
effective in the acid-resisting multilayer to which an unexpected scratch cannot be attached easily being 
obtained, and has conductivity according to the method and equipment of this invention, Reactant DC 
sputtering can be adopted, low-temperature membrane formation is attained at high speed, and there is 
an effect of the productivity of an acid-resisting multilayered film improving. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this -translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The acid-resisting multilayered film characterized by making the thin film of at least one layer 
of these multilayered films into the thin film which two or more sorts of oxides of the element of Ti, Si, 
aluminum, Ta, Mg, or Zr are mixing in the anti reflection film of the multilayered film in which the thin 
film of the material from which the refractive index differed on the substrate carried out the laminating 
to two or more layers. 

[Claim 2] It is the acid-resisting multilayered film according to claim 1 characterized by the above- 
mentioned substrate and the multilayered film being transparent, and the above-mentioned substrate 
being either of the high polymer film substrates, such as ceramic substrates, such as glass, a 
polyethylene terephthalate, and polymethylmethacrylate. 

[Claim 3] Introducing reactant gas and sputtering gas simultaneously in a membrane formation chamber 
The spatter of the target which consists of the element of Ti, Si, aluminum, Ta, Mg, or Zr is carried out 
by the DC magnetron-sputtering method. In the method of forming the antireflection film of a 
multilayered film by carrying out the laminating of the thin film of the material from which the 
refractive index differed on the substrate which moves in the front of this target one by one The thin film 
of at least one layer of this multilayered film as this target Ti, Si, The gas which contains oxygen as 
reactant gas while using the alloy target in which two or more sorts of elements of aluminum, Ta, Mg, or 
Zr were made to mix is used. Ti, The membrane formation method of the acid-resisting multilayer 
characterized by forming membranes to the thin film which two or more sorts of oxides of the element 
of Si, aluminum, Ta, Mg, or Zr mixed. 

[Claim 4] It is the membrane formation method of the acid-resisting multilayered film according to 
claim 3 characterized by the above-mentioned substrate and the multilayered film being transparent, and 
the above-mentioned substrate being either of the high polymer film substrates, such as ceramic 
substrates, such as glass, a polyethylene terephthalate, and polymethylmethacrylate. 
[Claim 5] In the equipment which forms the thin film of the material of each target on this substrate at a 
multilayer while being membrane formation equipment characterized by providing the following and 
introducing reactant gas and sputtering gas into a membrane formation chamber from this gas feed 
system Membrane formation equipment of the acid-resisting multilayer characterized by using at least 
one of these targets as the alloy target which mixed two or more sorts of elements of Ti, Si, aluminum, 
Ta, Mg, or Zr. The membrane formation chamber equipped with the exhaust air system. Two or more 
DC magnetron cathodes arranged in this membrane formation chamber. The target prepared in each 
cathode. A substrate conveyance means to pass the front of each target for a substrate, and the gas feed 
system which introduces reactant gas and sputtering gas into this membrane formation chamber. 



[Translation done.] 
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